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1. Background

The Endangered Species Act (ESA or Act) requires the National Marine Fisheries
Service (NMFS) to designate critical habitat for species listed under the Act as
endangered or threatened, with limited exceptions. The purpose of this document is to
present information documenting each of the specific determinations that we made in our
rulemaking to designate new critical habitat for the North Atlantic right whale

(Eubalaena glacialis).

The ESA defines an endangered species as any species in danger of extinction throughout
all or a significant portion of its range, and a threatened species as any species likely to
become endangered within the foreseeable future (Section 3). For species listed since
1978, the ESA requires designation of critical habitat unless it is determined that such a
designation is not prudent or not determinable. Section 3(5)(A) of the ESA defines
critical habitat as: (i) the specific areas within the geographical area occupied by the
species, at the time it is listed...on which are found those physical or biological features
(I) essential to the conservation of the species and (II) which may require special
management considerations or protection; and (ii) specific areas outside the geographical
area occupied by the species at the time it is listed...upon a determination by the
Secretary that such areas are essential for the conservation of the species. Section 3 of

99 ¢¢

the ESA defines the terms “conserve,” “conserving,” and “conservation” to mean “to use,
and the use of, all methods and procedures which are necessary to bring any endangered
species or threatened species to the point at which the measures provided pursuant to this
chapter are no longer necessary. Such methods and procedures include, but are not

limited to, all activities associated with scientific resources management such as research,



census, law enforcement, habitat acquisition and maintenance, propagation, live trapping,
and transplantation, and, in the extraordinary case where population pressures within a
given ecosystem cannot be otherwise relieved, may include regulated taking” (16 U.S.C.

1532(3)).

Listing and Critical Habitat Designation History for the North Atlantic Right Whale

In June 1970, all right whales were listed as endangered under the Endangered Species
Conservation Act, the precursor to the Endangered Species Act (ESA)(35 FR 8495;
codified at 50 CFR 17.11). Subsequently, when the ESA became law in 1973, right
whales were included on the list of endangered species under that statute. At that time,
there was no requirement in the ESA to designate critical habitat concurrent with the
listing of species. Amendments to the Act in 1978 added the mandatory duty to designate
critical habitat for species listed beginning in that year, and provided the Services with
discretion to designate critical habitat for species listed prior to 1978. NMFS did not

designate critical habitat for right whales at that time.

In 1990, NMFS was petitioned by the Right Whale Recovery Team to designate critical
habitat for the Northern right whale. At that time, NMFS considered right whales in the
North Atlantic and the North Pacific to be one species taxonomically, Eubalaena
glacialis, with a common name of “Northern right whale.” In 1994, NMFS published a
final rule (59 FR 28793, June 3, 1994) designating two foraging areas in Cape Cod Bay
and the Great South Channel, and one calving area in waters adjacent to the coasts of
Georgia and the east coast of Florida as critical habitat for the Northern right whale in the

North Atlantic Ocean.



In 2002, NMFS received a petition from the Ocean Conservancy requesting that the
agency revise the critical habitat designation for Northern right whales. The petition
specifically requested a reevaluation of the Cape Cod Bay and Great South Channel
critical habitats. On August 28, 2003, NMFS denied the petition to revise critical habitat
(65 FR 51758), although NMFS committed to continue analyzing available information

on the physical and biological features essential to the conservation of right whales.

In 2006, NMFS published a comprehensive right whale status review (NMFS 2006) that
concluded that recent genetic data provided unequivocal support to distinguish three right
whale lineages (including the southern right whale) as separate phylogenetic species,
based on the work of Rosenbaum et al. (2000). Rosenbaum et al. (2000) concluded that

the right whale should be regarded as the following three separate species:

1. The North Atlantic right whale (Eubalaena glacialis) ranging in the North
Atlantic Ocean;

2. The North Pacific right whale (Eubalaena japonica), ranging in the North
Pacific Ocean; and;

3. The southern right whale (Eubalaena australis), historically ranging

throughout the Southern Hemisphere’s oceans.

Based on these findings, NMFS published proposed and final determinations listing right
whales in the North Atlantic and North Pacific as separate endangered species under the
ESA (71 FR 77704, December 27, 2006; 73 FR 12024, March 6, 2008). With the new
listing determination, NMFS evaluated and designated critical habitat for the North



Pacific right whale (73 FR 19000, April 8, 2008). The 1994 designation of critical
habitat for the Northern right whale analyzed and included only areas in the North
Atlantic Ocean. The population of whales analyzed in the 1994 critical habitat
designation was right whales in the North Atlantic Ocean. Since the biological basis and
analysis for the 1994 critical habitat designation was based on the North Atlantic
population of right whales, we believe that analysis and designation applies to the North
Atlantic right whales as they were subsequently listed as a separate species in 2008. We,
therefore, considered the 1994 designation legally valid and applicable until replaced by a
subsequent designation. This document is part of the effort to replace the 1994 critical
habitat with two new areas for the North Atlantic right whale. In the following
discussion, NMFS summarizes the best available scientific information regarding the
biology, distribution, and essential life history characteristics of North Atlantic right

whales to support the new critical habitat designation.

2. Select Physical and Life History Characteristics of the North Atlantic
Right Whale

The North Atlantic right whale is a member of the family Balaenidae and is closely
related to the right whale species that inhabit the North Pacific Ocean and the Southern
Hemisphere. Right whales are large baleen whales that grow to lengths and weights
exceeding 15 meters and 70 tons, respectively. Females are typically larger than males.
The distinguishing features of right whales include a stocky body, generally black
coloration (although some individuals have white patches on their undersides), lack of a
dorsal fin, large head (about 1/4 of the body length), strongly bowed margin of the lower
lip, and raised callus-like patches of skin on the head region called callosities. Callosities

are colonized by amphipod crustaceans (cyamids nicknamed “whale lice”; Cyamus sp.)



which give them a white appearance. Two rows of long (up to about eight feet in length)
baleen plates hang from the upper jaw with about 225 plates on each side. The tail is
broad, deeply notched, and all black with a smooth trailing edge. Right whales attain
sexual maturity at an average age of 8—10 years, and females produce a single calf at
intervals of 3 to 5 years (Kraus et al. 2001). Their life expectancy is unclear, but
individuals have been known to reach 70 years of age (Hamilton et al. 1998a, Kenney

2002).

Historically, right whale species inhabited all the world's oceans from temperate to
subpolar latitudes before they were severely depleted by commercial whaling (Perry et al.
1999). Right whales primarily inhabit coastal or shelf waters, although movements over
deep waters are known to occur. They are migratory, with at least a portion of the
population moving between summer feeding grounds in temperate or high latitudes and
winter calving areas in warmer waters, though during winter the whereabouts of a portion

of the population remain unknown (Kraus et al. 1986, Clapham et al. 2004).

The International Whaling Commission (IWC) recognizes two right whale populations in
the North Atlantic: a western and eastern population (IWC 1986). The current known
distribution and migration patterns of North Atlantic right whales are largely limited to
the western North Atlantic Ocean (i.e., Florida to Canada). The current abundance,
distribution, and migration pattern are unknown for eastern North Atlantic right whales
because of a lack of recent sightings. Based on historical whaling records, it appears that
the eastern population may have migrated from northern Europe to northwestern Africa.
Best et al. (2001) estimated that the eastern North Atlantic population probably numbers

only in the low tens of animals at best, and may be functionally extinct. Following



periods of historical whaling in the Bay of Biscay, Cintra Bay, coastal Iceland, and the
British Isles, right whales have been sighted only sporadically in eastern North Atlantic
coastal waters (NMFS 2005). Between 1935 and 1985 there were only 21 possible
sightings in the eastern North Atlantic, totaling 45 individuals (Brown, 1986).
Furthermore, Brown (1986) considered only five of these sightings (seven individual

whales) to be confirmed.

The western North Atlantic population size is estimated to be at least 465 individuals in
2011, based on a census of individual whales identified using photo-identification
techniques (Waring et al. 2015). Due to past depletion from which they have not
recovered, the continued anthropogenic threats to the species, and the whale’s life

history, the North Atlantic right whale is in danger of extinction throughout its range.

Knowlton et al. (1994) reported that the population growth rate of North Atlantic right
whales for the period 1986-1992 was 2.5% (CV=0.12), suggesting that the stock was
showing signs of slow recovery. Caswell et al. (1999) suggested that crude survival
probability declined from about 0.99 in the early 1980s to about 0.94 in the late 1990s.
The decline in survival probability was statistically significant (Waring et al. 2009).
Additional work conducted in 1999 was reviewed by the IWC workshop on status and
trends in this population (Best et al. 2001). The IWC workshop concluded based on
several analytical approaches that survival had indeed declined in the 1990s (Best et al.
2001). In September 2002, NMFS convened another workshop that reached similar
conclusions regarding the decline in the population (Clapham 2002). Recent mortalities,
including those in the first half of 2005, suggest an increase in the annual mortality rate

(Kraus et al. 2005, Glass et al. 2009). Calculations based on demographic data through



1999 (Fujiwara and Caswell 2001) indicated that this mortality rate increase would
reduce population growth by approximately 10% per year (Kraus et al. 2005). These
analyses, however, focused on changes in survival (or mortality) rates but did not directly

address changes in population size.

Waring et al. (2013) reported that the minimum number alive population index
(calculated from the individual sightings database as it existed on 21 October 2011) for
the years 1990-2009 suggested a positive and slowly accelerating trend in population
size. These data revealed a significant positive trend in the number of catalogued whales
alive during this period (a geometric mean growth rate of 2.6%), but with significant
interannual variation due to apparent losses exceeding gains during 1998-1999.

Because the right whale is a long-lived species, extinction may not occur in the near
future. However, given this population has not recovered from commercial whaling, the
existence of anthropogenic threats (i.e., ship strikes, fishing gear entanglement), and the
whale’s life history, the North Atlantic right whale is in danger of extinction throughout
its range (NMFS 2006).

3. Conservation of North Atlantic Right Whales

The ESA definition of critical habitat focuses in part on those physical or biological
features within the geographical area occupied by a species that are essential to the
conservation of the species. In addition, areas outside of the occupied geographical area
may be designated as critical habitat if those areas are determined to be essential to the
conservation of the species. The purpose of this section is to explain what the

conservation of North Atlantic right whales means, in order to support subsequent



findings regarding whether habitat features and unoccupied areas are essential to the

conservation of the species.

For right whales, conservation is the use of all methods and procedures necessary to bring
right whales to the point at which factors related to population ecology and vital rates
indicate that the population, first, may be downlisted to threatened, and, ultimately, may
be delisted because it is no longer in danger of extinction throughout all or a significant
portion of its range. Important factors related to right whale population ecology and vital
rates include population size and trend, range, distribution, age structure, sex ratios, age-
specific survival, age-specific reproduction, and lifetime reproductive success. The
North Atlantic Right Whale Recovery Plan (as revised in 2005) identifies the following

criteria that, when met, will indicate the species may be reclassified to threatened:

1) The population ecology (range, distribution, age structure, and sex ratios, etc.) and
vital rates (age-specific survival, age-specific reproduction, and lifetime
reproductive success) of right whales are indicative of an increasing population;

2) The population has increased for a period of 35 years at an average rate of
increase equal to or greater than 2% per year;

3) None of the known threats to North Atlantic right whales (corresponding to the
five ESA listing factors) are known to limit the population’s growth rate; and

4) Given current and projected threats and environmental conditions, the right whale

population has no more than a 1% chance of extinction in 100 years.



The Right Whale Recovery Plan states that it is not possible at this point in time to
propose delisting criteria related to these factors that must be met for NMFS to delist the
species (NMFS 2005).

The Recovery Plan also identifies five major objectives designed to increase population
size and vital rates so that North Atlantic right whales may be reclassified to threatened.
These objectives include significantly reducing sources of human-caused death, injury
and disturbance; developing demographically-based recovery criteria; identifying,
characterizing, protecting, and monitoring important habitats; monitoring the status and
trends of abundance and distribution of the North Atlantic population; and coordinating

federal, state, local, international, and private efforts to implement the Recovery Plan.

The Recovery Plan states that reducing direct and indirect threats to right whale habitat is
integral to recovery (NMFS 2005). The Recovery Plan notes that information is needed
on the environmental factors that influence right whale occurrence and distribution.
While information gaps need to be filled, significant information already exists regarding
features characterizing vital feeding habitats and calving/nursery areas. Furthermore,
there is information indicating a correlation between feeding and reproductive success
demonstrating that protecting features of foraging habitat is essential to the initial
conservation objective of achieving increasing population growth rates and population

size.

Right whales feed almost exclusively on copepods, a type of zooplankton. Of the
different kinds of copepods, North Atlantic right whales feed especially on late

developmental life stages of Calanus finmarchicus, a large calanoid copepod



(Baumgartner et al. 2007). Because a right whale’s mass is so immensely larger than that
of its prey (late stage C. finmarchicusis approximately the size of a small grain of rice),
right whales are very specialized and restricted in their habitat requirements — they must
locate and exploit feeding areas where copepods are concentrated into high-density

patches.

Efficient feeding on prey with high nutritional value is essential to the conservation of the
North Atlantic right whale. Efficient feeding is not only important to meet the day-to-day
caloric needs of individual right whales, but is important to achieve the overall goal of
conservation because of the apparent correlation between the abundance and caloric

richness of copepods and the calving rates for right whales (Pace and Merrick 2008).

The only known calving area for North Atlantic right whales is off the coast of the
southeastern United States (U.S.) (Kraus et al. 1986, Knowlton et al. 1994, Reeves et al.
2001). Recent aerial survey data indicate calving and nursing occurs from the coasts of
northeastern Florida and southeastern Georgia to as far north as North Carolina (e.g.,
Good 2008, Waring et al. 2007). Calving right whales typically arrive in this region
during mid to late November and early December after migrating south from feeding
grounds in the northeastern U.S. and Canada. Mothers and newborn calves reside within
this region through early March, and they generally depart the calving grounds by the end
of March and early April (Reeves et al. 2001).

Recovery of North Atlantic right whales depends on an increase in population size, which

in turn depends on successful reproduction and the survival of calves to sexual maturity

(NMEFS 2005). Survival and reproduction rates must occur at levels sufficient to result in

10



positive population growth while accounting for natural and anthropogenic mortality.
Conservation of right whales in the North Atlantic, therefore, includes at minimum
identification and protection of habitat features characterizing feeding areas and
calving/nursery areas, not only to help ensure right whales meet their individual caloric

needs, but also to support reproductive success necessary to increase the population size.

4. Geographical Area Occupied by the Species

Designation of critical habitat first requires identification of the geographical area
occupied by the species at the time of its listing. NMFS has long interpreted
“‘geographical area occupied’’ in the definition of critical habitat to mean the range of the

species at the time of listing (45 FR 13011; February 27, 1980).

Historically, North Atlantic right whales resided throughout the temperate, subarctic,
coastal, and continental shelf waters of the North Atlantic Ocean (Perry et al. 1999)."
The current known distribution and migration patterns of North Atlantic right whales are
largely limited to the western North Atlantic Ocean. In the western North Atlantic, right
whales range from calving grounds in coastal waters of the southeastern U.S. to feeding
grounds in New England waters and northward to the Bay of Fundy, the Gulf of St.
Lawrence, and the Scotian Shelf (Waring et al. 2013).

The International Whaling Commission (IWC) recognizes two right whale populations in the
North Atlantic: a western and eastern population (IWC, 1986). As discussed, the current
abundance, distribution and migration patterns are unknown for eastern North Atlantic right
whales based on a lack of sighting information. Best et al. (2001) notes that sighting surveys from
the eastern Atlantic Ocean suggests that right whales in this region are currently rare and may be
functionally extinct.

11



During winter, North Atlantic right whales occur along the southeastern U.S. coast of
northern Florida and Georgia and northward to the Gulf of Maine (Kraus et al. 1986,
Knowlton et al. 1994, Reeves et al. 2001). Waters off the southeastern U.S. are the only
known calving area for the North Atlantic right whale, and nearly all mothers with calves
(i.e., mother-calf pairs) observed in the northern feeding grounds in summer have also
been sighted in the southeastern U.S. during the winter. However, not all reproductively

active females return to the calving grounds each year (Kraus et al. 1986, Payne 1986).

Aerial surveys conducted off the coast of North Carolina during the winters of 2001 and
2002 sighted 8 calves, suggesting the calving grounds may extend as far north as Cape
Fear, NC (33.8N, 78.0W) (Waring et al. 2009). In recent years, surveys flown in the area
just north of Brunswick, Georgia (31°53” N latitude), to just south of St. Augustine,
Florida (29°78’ N latitude) documented a growing number of non-calving right whales
using the area for varying amounts of time (e.g., individual adult males are typically
observed only a few times by aerial survey teams suggesting these animals do not reside

long in the calving area).

New England and Nova Scotian waters are a primary feeding habitat for right whales
during the late winter, spring, summer, and fall. Right whales feed primarily on
copepods (largely of the genera Calanus). Research indicates that right whales must
locate and exploit extremely dense patches of zooplankton to feed efficiently (Mayo and
Marx 1990). These dense zooplankton patches are a primary characteristic of the spring,
summer, and fall right whale habitats (Kenney et al. 1986, 1995). Variation in the
abundance and development of suitable food patches appears to modify the general

patterns of right whale movement by reducing peak numbers, stay durations and specific

12



locales (Brown et al. 2001, Kenny et al. 2001). In particular, large changes in the typical
pattern of food abundance can dramatically change the general pattern of right whale

habitat use (Kenny et al. 2001, Baumgartner 2001).

In New England, peak abundance of feeding right whales occurs in Cape Cod Bay,
usually beginning in late winter. In early spring (May), peak right whale abundance
occurs in Wilkinson Basin to the Great South Channel (Kenney et al. 1995). In late June
and July, right whale distribution gradually shifts to the Northern Edge of Georges Bank.
In summer and fall, much of the population is found in the Bay of Fundy and around
Roseway Basin (Winn et al. 1986, Kenney et al. 1995, Kenney et al. 2001). In December
2008, NOAA researchers sighted a relatively large number (44) of right whales in the
Jordan Basin area during an aerial survey of the region. More recently, in April 2010,
NMES researchers sighted nearly 100 right whales in Rhode Island Sound south of the
Gulf of Maine and Georges Bank region.

Right whales are migratory, with at least a portion of the population moving between
summer feeding grounds in temperate or high latitudes and winter calving areas in
warmer waters, though during winter the location of much of the population is unknown.
North Atlantic right whales occur primarily in coastal or shelf waters, although
movements over deep waters are known to occur. Telemetry data have shown rather
lengthy and somewhat distant excursions, including into deep water off the continental
shelf (Mate et al. 1997). Right whales have been observed from the Mid-Atlantic Bight
northward through the Gulf of Maine (GoM) during all months of the year.

13



Knowlton et al. (1992) reported several long-distance movements as far north as
Newfoundland, the Labrador Basin, and southeast of Greenland. In addition, recent
resightings of photographically identified individuals have been made off Iceland, arctic
Norway and in the old Cape Farewell whaling ground east of Greenland. The Norwegian
sighting (in September 1999) represents one of only two published sightings this century

of a right whale in Norwegian waters, and the first since 1926.

More recently, scientists from NOAA’s Pacific Marine Environmental Laboratory,
NOAA'’s National Marine Mammal Laboratory and Oregon State University reported that
they had recorded right whale calls in an area 200 to 400 miles off the coast of
Greenland. In 2007, this team of scientists deployed five stationary hydrophones to
continuously record sounds for a year in the Cape Farewell Ground, an area off the
southern tip of Greenland. The hydrophones were collected a year later in July 2008.
These researchers identified more than 2,000 right whale calls. All of the calls occurred
between July and December, with evidence between July and September of a north-south

migration (Mellinger et al. 2011).

In January 2009, a North Atlantic right whale was observed off the Azores by biologists
from the University of the Azores Department of Oceanography and Fisheries as well as
by a biologist from Whale Watch Azores. This was the first confirmed sighting of a right
whale in the Azores since 1888. In September 2009, this same whale was sighted in a

surface active group in the Bay of Fundy.

Right whales have also been rarely observed in the Gulf of Mexico. The few published
sightings (Moore and Clark 1963, Schmidly and Melcher 1974, Ward Geiger et al. 2011)

14



represent either geographic anomalies or a more extensive historic range beyond the sole
known calving and wintering ground in the waters of the southeastern U.S. (Waring et al.
2009). Therefore, the Gulf of Mexico is not considered part of “the geographical area

occupied...at the time it is listed.”

In conclusion, the geographical area occupied by the North Atlantic right whale at the
time it was listed (i.e., 2008) includes the U.S. waters of the North Atlantic from Florida
to the Gulf of Maine, northward to the Bay of Fundy, the Gulf of St. Lawrence and the
Scotian shelf, extending to the waters of Greenland and Iceland (and possibly beyond).
While right whales have been sighted in the waters off Norway and the Azores, and in the
Gulf of Mexico, the reports of animals in these areas are rare and may be related to what
was once the historic range of the species. Without additional sightings beyond the few,
sporadic recordings of individuals in those areas, we do not consider those areas to be
part of the species’ range. Therefore, these areas are not considered to be part of the “the

geographical area occupied...at the time it is listed.”

5. Physical and Biological Features Essential to the
Conservation of North Atlantic Right Whales

In the geographical area occupied by the species, critical habitat consists of specific areas
on which are found those physical or biological features that are essential to the
conservation of a given species (“essential features”) and that may require special
management considerations or protections (ESA section 3(5)(A)(i)). Such requirements
include, but are not limited to the following: (1) space for individual and population
growth and for normal behavior; (2) food, water, air, light, minerals, or other nutritional

or physiological requirements; (3) cover or shelter; (4) sites for breeding, reproduction,
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and rearing of offspring; (5) and habitats that are protected from disturbance or are
representative of the historical geographical and ecological distribution of a species (50

CFR 424.12(b)).

NMEFS has identified several biological behaviors that are critical to the overarching
recovery objectives of increased survival and population growth of the North Atlantic
right whale, some of which appear to be linked to highly specific areas within their range.
These include: (1) feeding, which occurs in New England waters and north to the Bay of
Fundy and the Scotian Shelf; (2) calving, which occurs in the coastal waters of the
southeastern U.S.; (3) migration between the calving area in the southeastern U.S. and
feeding habitats in the northeastern U.S.; and (4) breeding. We evaluated whether there
are physical and biological features of the habitat areas used for these behaviors that are
essential to the species’ conservation because they facilitate or are intimately tied to the

behaviors.

5.1 ThePhysical and Biological Features of Foraging Habitat that are
Essential to the Conservation of the Species

The features characteristic of right whale foraging habitat that are essential to the
conservation of the North Atlantic right whale are a combination of both physical and

biological oceanographic features:
(1) The physical oceanographic conditions and structures of the Gulf of Maine

(GOM) and Georges Bank region that combine to distribute and aggregate C.

finmarchicus for right whale foraging, namely prevailing currents and

16



circulation patterns, bathymetric features (basins, banks, and channels), oceanic

fronts, density gradients, and temperature regimes;

(2) Low flow velocities in Jordan, Wilkinson, and Georges Basins that allow
diapausing C. finmarchicus to aggregate passively below the convective layer

so that the copepods are retained in the basins;

(3) Late stage C. finmarchicus in dense aggregations in the Gulf of Maine and

Georges Bank region; and

(4) Diapausing C. finmarchicus in aggregations in the Gulf of Maine and Georges

Bank region.

Right Whale Energetic Requirements

For much of the year, the right whale’s distribution is strongly correlated to the
distribution of their prey. Right whales feed primarily on copepods (largely of the genera
Calanus). Research indicates that right whales must locate and exploit extremely dense
patches of zooplankton to feed efficiently (Mayo and Marx 1990). These dense
zooplankton patches are a primary characteristic of the spring, summer, and fall right
whale habitats (Kenney et al. 1986, 1995). Variation in the abundance and development
of suitable food patches appears to modify the general patterns of right whale movement
by reducing peak numbers, stay durations, and specific locales (Brown et al. 2001,

Kenney et al. 2001). In particular, large changes in the typical pattern of food abundance

17



can dramatically change the general pattern of right whale habitat use (Kenney et al.

2001, Baumgartner 2001).

Right whale distribution in the Gulf of Maine is largely controlled by zooplankton
distribution (Mayo et al. 2004, Singer and Ludwig 2005). Right whales prey primarily on
zooplankton, specifically the later juvenile stages (copepodites) of a species of copepod,
C. finmarchicus (Baumgartner et al. 2007). C. finmarchicusis the dominant copepod in
the Gulf of Maine. During the copepodite states (C1-5), C. finmarchicus develops an oil
sac which, by stage C5, has reached its maximum size, comprising up to 50 percent of its

body volume (Miller et al. 2000 in Baumgartner et al. 2009).

The right whale’s life history and reproductive strategies create very high energetic
demands. The combination of the physical and biological features identified above
promote efficient feeding on prey with high nutritional value to support right whale life
history and reproductive strategies and, therefore, are essential to the conservation of
North Atlantic right whales. If food is not available at the necessary densities or
nutritional value, then right whales would be unable to obtain sufficient energy to
successfully complete their long migrations, reproduce, and/or (for lactating females)
successfully rear their progeny. When compared to other copepods, C. finmarchicus has
a much larger biomass and higher caloric content (Baumgartner et al. 2007). C.

finmar chicus populations found near feeding right whales typically have a higher
percentage of older stage C. finmarchicus (C4 and older) compared to areas where whales
are not present (Baumgartner et al. 2003a, Baumgartner and Mate 2005, Watkins and
Schevill 1976, Mayo and Marx 1990, Wishner et al. 1995). Wishner et al. (1995) found

that while total water column biomass and C. finmarchicus abundance did not always
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differ between locations near feeding whales and sites without whales, higher proportions

of older copepod life stages were found in locations close to feeding right whales.

Late stage C. finmarchicus, especially C5, contain high lipid content (i.e., oil sacs) and
are therefore the most energetically rich zooplankton prey source available to right
whales. If sufficient densities of late stage copepods become unavailable to feeding right
whales, it is uncertain if the remaining developmental stages of C. finmarchicus and other
prey species” (independent of abundance) could provide right whales with the required
energetic densities to meet their metabolic and reproductive demands (Kenney et al.
1986, Payne et al. 1990). By focusing their foraging efforts on the energetically rich late

stage C. finmarchicus, right whales are able to maximize their energy intake.

Kenney et al. (1986) estimated the minimum caloric intake required by a right whale,
using standard mammalian metabolic models. Not only must right whales meet their
basal (i.e., resting) metabolic needs but they must obtain an energy surplus in the long-
term (Brodie 1975, Sameoto 1983, Kenney et al. 1986, Kenney and Wishner 1995).
Using estimates of mouth opening area, swimming speed, and daily foraging time,

Kenney’s model suggests an average 40 ton right whale’s basal energetic requirements

Baumgartner et al. (2007) note that right whales cannot efficiently filter feed on the smaller larval
stages (i.e., nauplii) and early copepodite stages of C. finmarchicus. In addition, right whales do
not feed exclusively on C. finmarchicus. Researchers have documented right whales foraging on
the copepods Pseudocalanus and Centropages typicus as well as barnacle larvae (Mayo and Marx
1990 in Baumgartner et al. 2007). These observers noted, however that right whales quickly
ceased foraging on these zooplankton assemblages indicating that the prey was likely not suitable
(Baumgartner et al. 2007).
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range from 7.57 to 2,394 kcal/m’ or a concentration of 4.67 x 10° to 1.48 x 10° m™ stage

C5 C. finmarchicus (Kenney et al. 1986).”

In order to maximize their caloric intake, right whales must target dense layers containing
large, energetically rich prey (Wishner et al. 1995). Baumgartner et al. (2003b) found a
correlation between right whale diving depths and depth of maximum stage C5 C.

finmar chicus abundances in Grand Manan Basin in the lower Bay of Fundy. This
provides further evidence that right whales seek out aggregations of late stage C5 C.
finmarchicus life stages rather than simply the densest aggregations (Wishner et al.

1995).

North Atlantic Right Whale Calving Rates Related to Prey Availability

An examination of right whale calving rates provides additional evidence of the
importance of dense aggregations of late stage C. finmarchicus to the conservation of the
species. Female right whales need adequate nutritional resources to meet the physical

demands of gestation and lactation (Kraus et al. 2007). As the principal prey source of

This model’s estimation exceeded the densities of copepods found in the Great South Channel
among feeding right whales during the Cetacean and Turtle Assessment Program (CETAP)
(1982), despite not accounting for increased energetic demands caused by growth, reproduction,
lactation, or processing food. These results are not necessarily indicative of a right whale food
shortage in the Gulf of Maine. Instead it may be that right whales are able to selectively detect
prey patches of significant density and quality in dimensions that plankton sampling methods have
been unable to capture. Where many plankton sampling programs, such as Marine Resources
Monitoring, Assessment, and Prediction (MARMAP) program and South Channel Ocean
Productivity Experiment (SCOPEX), have focused on integrated plankton densities over the entire
water column, realistically it is the subtle distributions of C. finmarchicus at spatial scales in the
tens of centimeters to meters in the vertical and tens to hundreds of meters in the horizontal that
are most likely relevant to right whales (Baumgartner and Mate 2003).
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right whales, C. finmarchicus abundance may play a key role in determining conditions

favorable for right whale reproduction (Greene and Pershing 2004).

Kenney et al. (2001) suggested that variability in prey abundance may affect the
reproductive success of the species. Research has correlated C. finmarchicus abundance
to right whale calving rates. Greene et al. (2003) linked right whale calving rates to
changes in the North Atlantic Oscillation (NAO) and concurrent changes in the
abundance of C. finmarchichus (Figure 1). Greene et al. (2003) hypothesized that
impacts to right whales due to climate variability is primarily related to changes in C.
finmarchicus populations. To explore this hypothesis, Greene et al. (2003) examined
right whale calving rate patterns since the early 1980s. These researchers found that
major multi-year declines in right whale calving rates have tracked major multi-year

declines in C. finmarchicus abundance since 1982.

Greene et al. (2003) found that calving rates were relatively stable from 1982 to 1992,
with a mean rate of 12.4 + 0.9 (standard error (SE)) calves per year. These researchers
note that the stable calving rates were consistent with the relatively high abundance of C.
finmarchicus observed during the 1980s. From 1993 to 2001, right whale calving rates
exhibited two major, multi-year declines, with the mean rate dropping and becoming
much more variable at 11.2 + 2.7 (SE) calves per year. Greene et al. (2003) found that
these declines coincided with the two precipitous drops in C. finmarchicus abundance

observed during the early and late 1990s.

This research demonstrates the importance of adequate food availability to right whale

reproductive success and the effect that large scale climatological and oceanographic
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factors may have on C. finmarchicus abundance in the GoM region. Climate-driven
changes in ocean circulation over the past 40 years have had a profound impact on the
plankton ecology in the GoM (Greene et al. 2003). It has been hypothesized that a
reduction in the abundance of prey due to changes in oceanographic mechanisms
responsible for concentrating dense aggregations of copepods and/or competition with

planktivorous fish species could affect right whale reproduction (Kraus et al. 2007).
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Figure 1 Right whale reproduction, C. finmarchicus population and North Atlantic Oscillation (NAO)
Index (Source: Greene and Pershing 2004).

Physical Oceanographic features characteristic of right whale foraging habitat
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As discussed in detail below, the physical features characteristic of right whale foraging

habitat are:

e The physical oceanographic conditions and structures of the Gulf of Maine and
Georges Bank region that combine to distribute and aggregate C. finmarchicus for
right whale foraging, namely prevailing currents and circulation patterns,
bathymetric features (basins, banks, and channels), oceanic fronts, density
gradients, and temperature regimes; and

e Low flow velocities in Jordan, Wilkinson and Georges Basins that allow
diapausing C. finmarchicus to aggregate passively below the convective layer so

that the copepods are retained within the basins.

The GoM and Western Scotian Shelf region presents right whales with a highly variable
feeding environment (Greene et al. 2003). This region lies within an oceanographic
transition zone, located between cold subpolar waters influenced by fluctuations in the
Labrador Current to the northeast and warm temperate waters influenced by fluctuations
in the Gulf Stream to the south (MERCINA, 2001, Greene et al. 2003). Within the GoM,
right whale foraging activities are concentrated in areas where physical oceanographic
conditions and structures, namely prevailing currents and circulation patterns,
bathymetric features (basins, banks, and channels), oceanic fronts, density gradients, and
temperature regimes operate to concentrate copepods (Wishner et al. 1988, Mayo and
Marx 1990, Murison and Gaskin 1989, Baumgartner et al. 2003b, Jiang et al. 2007, Pace
and Merrick 2008).
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The GoM is a large semi-enclosed basin along the northeast coast of the U.S. The GoM
is bounded by the coasts of Maine and New Hampshire, as well as Massachusetts from
Cape Cod northward. To the north, the GoM is bounded by the coastlines of New
Brunswick and Nova Scotia, Canada. The GoM includes Massachusetts and Cape Cod
Bays, and the Bay of Fundy (Figure 2).

The waters of the GoM are isolated from the Northwest Atlantic Ocean by Georges and
Browns Banks and Nantucket Shoals. These banks are relatively shallow with average
depth ranges between 20 and 60 m, with some areas as shallow as 5 m. Georges Bank in
particular acts to separate the GoM waters from the warmer Gulf Stream waters. The
Northeast Channel (NEC) and Great South Channel (GSC) connect the GoM to the
waters of the Northwest Atlantic.* The bathymetry of the central GoM is dominated by
three large, deep basins: Jordan and Georges Basins to the northeast and east respectively
and Wilkinson Basin in the southwest. The best available evidence indicates that these
deep water basins serve as refugia habitat for diapausing copepods’, and that these

diapausing copepods serve as source populations for the annual recruitment of copepods

The NEC is a 230-m deep channel situated between the eastern edge of Georges Bank and Browns
Bank connecting the GoM with the deeper waters of the Atlantic Ocean. The Southeast Channel,
a secondary, shallower connection to the Atlantic, is located between Nantucket Shoals and the
western edge of Georges Bank and is only about 75 m deep.

The life history of C. finmarchicus includes a period immediately prior to adulthood called
diapause during which copepods cease development and enter a prolonged dormant resting phase
(Baumgartner et al. 2007).
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Figure 2: Gulf of Maine and Georges Bank Region (Source: Gulf of Maine Research Institute).

to the GoM population (Davis 1987, Meise and O’Reiley 1996, Lynch et al. 1998,
Johnson et al. 2006).
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The GoM has a complex and highly variable circulation regime due to varying inflow of
Atlantic Ocean water, interactions between the eastern and western Maine coastal
currents, freshwater inflow and temperature fluctuation. The oceanographic features of
the GoM are very dynamic, with strong currents, sharp frontal gradients and high mixing
rates. The GoM circulation is strongly influenced by its topography, with
counterclockwise flow over Georges, Jordan and Wilkinson Basins and clockwise
circulation over Georges and Brown Banks and Nantucket Shoals (Smith 1989, Brown
and Irish 1992, Bisgani and Pettigrew 1994). These physical features have a large effect
on the distribution, abundance and population dynamics of zooplankton populations

within the GoM (Durbin 1997).

Major oceanographic features in the Gulf of Maine and Georges Bank include the Maine
Coastal Current (MCC), Georges Bank anti-cyclonic frontal circulation system, the basin-
scale cyclonic gyres (Jordan, Georges and Wilkinson), the deep inflow through the NEC,
the shallow outflow via the Great South Channel and the shelf-slope front (SSF)
(Gangopadhyay et al. 2003, Pace and Merrick 2008). These features create the
conditions that disperse, concentrate and retain copepods within the GoM. The
prevailing oceanographic structures and conditions also create low energy environments

within several of the deep ocean basins located within the GoM.

Water from the Northwest Atlantic Ocean enters the GoM over the Scotian Shelf and
through the deep NEC where it forms a general counterclockwise circulation pattern.
These slope waters entering the GoM from the Scotian Shelf are believed to transport

considerable numbers of developing copepodites originating from both the Gulf of St.

26



Lawrence and the Scotian Shelf (Plourde and Runge 1993, Greene and Pershing 2000,
Conversi et al. 2001, Pace and Merrick 2008). Within the GoM several smaller scale
circulation patterns form over oceanographic features including some of the deep water
basins. Some of this water exits the GoM through the Great South Channel, while some
continues to the northwest where it flows onto Georges Bank in a clockwise circulation

gyre (Chen et al. 1995, Durbin 1997) (Figure 3).

Due to the strong influence of the Labrador Current, the water of the GoM is significantly
colder and more nutrient-rich than waters to the south. This relatively fresh, cold water
flows to the northeast around the southern end of Nova Scotia, across the mouth of the
Bay of Fundy and then flows southward. This water helps drive the MCC (Brooks 1985,
Durbin 1997). The cold water inflow from the Nova Scotian Shelf and the Northeast
Channel helps drive the primarily counterclockwise circulation of the Gulf, propelling the
MCC in a southwesterly direction (Brooks 1985, Durbin 1997). The MCC has two major
components, the Eastern Maine Coastal Current (EMCC) off Maine’s east coast and the
Western Maine Coastal Current (WMCC) off the coasts of western Maine, New
Hampshire and Massachusetts. These currents are influenced by fluctuations in river
outflow, often enhanced during spring runoff. Lower salinity surface water from spring
runoff carried into this region by the MCC can cause strong stratification and increase the
rate of horizontal transport, therefore having an impact on the abundance, distribution and

population dynamics of the GoM’s C. finmarchicus (Durbin 1997).
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Figure 3 Major oceanographic features and circulation patterns in the Gulf of Maine and Georges
Bank (Source: Miller et al. 1998).

The EMCC is a band of cold, tidally-mixed water originating on the southwest Nova
Scotian Shelf. The EMCC crosses the mouth of the Bay of Fundy and continues
southward along the coast of eastern Maine to the mouth of Penobscot Bay (Pettigrew et
al. 1998). The EMCC is relatively fast moving and somewhat colder than the western
portion (i.e., WMCC) of the MCC current. As the EMCC flows southwest along the

coast its waters become increasingly vertically stratified and nutrient depleted with a
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concurrent increase in both phytoplankton biomass and developmental stages of
copepods. The EMCC and the WMCC converge at the mouth of Penobscot Bay. Here
the faster moving EMCC is diverted away from the coastline and out over the central
GoM (Pettigrew et al. 1998). As the EMCC moves offshore, a portion of the cold water
plume becomes entrained in the prevailing cyclonic gyre over Jordan and Georges
Basins. The remaining portion is brought back towards Maine’s coast where it continues

as part of the WMCC (Pettigrew et al. 1998).

The GoM’s circulation pattern is principally density driven due in large part to seasonal
temperature changes and salinity gradients. During spring and summer months, water
within the Gulf warms, resulting in buoyant, less dense water that expands, setting up a
westerly flowing coastal current which helps to draw water into the GoM. The seasonal
warming pattern of waters within the GoM also results in enhanced stratification of the
water column. Warmer, less dense surface water is separated from the colder, more
saline dense waters that persist at greater depth throughout the year. The currents in the
GoM are also strongly influenced by density gradients between high-salinity slope water
entering from the Atlantic and fresher waters, which form in the GoM or enter from the

Scotian Shelf (Brooks 1985).

The physical oceanographic features of the Gulf of Maine Georges Bank region are
influenced by variety of conditions including several outside of the Gulf of Maine. For
example, the North Atlantic Oscillation (NAO) (a climatic phenomenon in the North
Atlantic Ocean of fluctuations in the difference of atmospheric pressure at sea-level
between the Icelandic low and the Azores high) influences the relative location within the

Atlantic Ocean of warm Gulf Stream waters that approach the Gulf of Maine from the
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south, and the colder Labrador Current waters that flow toward the area from the north.
Small-scale changes in the North Atlantic can produce large-scale changes in the Gulf of
Maine. There are large-scale coastal circulation patterns that influence the Gulf of Maine
that originate from the Labrador Sea. The circulation and water properties within the Gulf
of Maine therefore may depend as much on influences originating over 1,000 km away as

on local processes (Thompson 2010)

In addition there are other local environmental processes that influence the physical
oceanographic conditions inside the Gulf of Maine include such factors as wind, tidal
mixing, the periodic cooler and more fresh inflow from the Scotian Shelf, winter cooling,
summer heating, the deep warmer and more saline inflow of the slope water, and river
runoff including freshwater inflow from numerous rivers (e.g., the St. John, Penobscot,

Kennebec, Androscoggin, and Merrimac Rivers) (Brooks 1985, Xue et al. 2000).

There is a distinct seasonal pattern associated with prevailing circulation patterns within
the GoM. During spring and summer, the surface circulation pattern in the GoM is
characterized by a predominantly cyclonic (i.e., counterclockwise) circulation pattern
with cyclonic and anti-cyclonic (clockwise) gyres over the three main basins and banks.
As surface water cools during the fall months, it becomes denser and sinks, mixing with
stratified water below breaking down the stratification of the water column. As the
stratification weakens, the counterclockwise circulation pattern within the GoM slows

until, by late winter, it is no longer evident (Xue et al. 2000).

In Cape Cod Bay, the general water flow is counter-clockwise, running from the GoM

south into the western half of Cape Cod Bay, over to eastern Cape Cod Bay, and back
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into the GoM through the channel between the north end of Cape Cod and the southeast
end of Stellwagen Bank, a submarine bank that lies just north of Cape Cod. Flow within
Cape Cod Bay is influenced by several environmental factors including tidal currents, the
influence of the MCC, a predominantly westerly wind, and runoff events. (Franks and
Anderson 1992a, 1992b, Geyer et al. 1992). Thermal stratification occurs in the bay
during the summer months. Surface water temperatures typically range from 0 to 19° C
throughout the year. The circulation pattern in Cape Cod Bay allows for the entrainment

of C. finmarchicus produced elsewhere.

The Great South Channel becomes thermally stratified during the spring and summer
months. Surface waters typically range from 3 to 17° C between winter and summer.
Salinity is stable throughout the year at approximately 32-33 parts per thousand (Hopkins
and Garfield 1979). In late-winter/early spring, mixing of warmer shelf waters with the
cold GoM water funneled through the channel causes a dramatic increase in faunal
productivity in the GSC. Copepods are concentrated north of the 100 m isobath at the
northern end of the Great South Channel (Wishner et al. 1995, Durbin et al. 1997,
Kenney 2001).

Baumgartner et al. (2007) note that several studies have suggested ocean fronts, areas that
demarcate the convergence of different water masses, as a possible mechanism for
concentrating copepods at densities suitable to support right whale foraging requirements.
However, the available information is somewhat contradictory, with some studies finding
associations between right whale foraging and oceanic fronts and others finding no
evidence of associations (Wishner et al. 1995, Beardsley et al. 1996, Epstein and

Beardsley 2001, Baumgartner el al. 2007). Given the evidence that in some cases
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oceanic fronts are contributing factors to concentrating copepods and their role is
uncertain in other cases, we are identifying it as one of the combination of physical
oceanographic features that are essential. In combination, these features and mechanisms

have been linked to increased copepod densities (Baumgartner et al. 2007).

The combination of prevailing physical oceanographic features present within the GoM

and Georges Bank region--namely, currents and circulation patterns; bathymetric features
(basins, banks, and channels); oceanic fronts; density gradients; and temperature regimes-
-interact to distribute, aggregate and retain C. finmarchicus in concentrations necessary to

support right whale foraging and energetic requirements.

As noted, Jordan, Wilkinson and Georges Basins (deep ocean basins within the overall
GoM basin) (see Figure 3) provide refugia for diapausing populations of C. finmarchicus
which serve as source populations for the annual recruitment of copepods into the GoM
population (Davis 1987, Meise and O’Reiley 1996, Lynch et al. 1998, Johnson et al.
2006). The hydrographic conditions of the deep ocean basins where diapausing copepods
aggregate are conducive to low flow velocities. The high lipid content of late stage
copepods helps keep these animals neutrally buoyant such that, in their resting state, they
remain below the convective mixed layer (Visser and Jonasdéttir 1999). Within the low
velocity environments of the deep ocean basins, the neutrally buoyant copepods passively
aggregate below the convective mixed layer (Lynch et al. 1998, Visser and Jonasdottir

1999, Baumgartner et al. 2003b, Pace and Merrick 2008). Johnson et al. (2006)
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concluded that copepods that can stay below basin sill depths are retained within the deep

ocean basins.®

Researchers have developed models that predict that the deep basins in the GoM are
sources of copepods for other areas within the GoM (Lynch et al. 1998, Johnson et al.
2006). These modeling results support the existence of deep resting C. finmarchicus
populations present in these basins and help to explain their age distribution and
abundance in the rest of the GoM (Lynch et al. 1998, Johnson et al. 2006). Johnson et al.
(2006) concluded that “surface waters of the Gulf of Maine both supply the deep GoM
with C. finmarchicus and in turn are supplied with C. finmarchicus from deep water” (see
Figure 4 and Figure 5). Modeling has suggested that endogenous C. finmarchicus (i.e.
offspring of copepods that emerged locally) can re-stock Wilkinson Basin in the western
GoM, while self-stocking is minimal in Jordan and Georges Basins (Miller et al. 1998).
Jordan and Georges Basins are restocked by external sources of copepods entering in
surface Scotian Shelf and continental slope waters or in the 230-m deep Northeast
Channel (Johnson et al. 2006). These copepods subsequently enter dormancy in these

deep water basins (Lynch et al. 1998, Johnson 2006).

Johnson et al. (2006) also examined the influence of environmental forcing and copepod
behavior on transport and retention of dormant C. finmarchicus in the deep GoM. Based
on model simulations, they concluded that both transport and retention of C. finmarchicus

within the GoM was high. The copepod transport and retention simulations demonstrate

Sill depth is the maximum depth at which there is horizontal exchange between an ocean basin and
the waters of the open ocean. The restricted exchange of waters between the open ocean and
waters below the sill depth in deep ocean basins contributes to the retention of C. finmarchicusin
these areas.
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transport of copepods from the eastern GoM into the western GoM, as well as the
recruitment of copepods from slope and Scotian Shelf waters into the eastern GoM
(Johnson et al. 2006). The researchers concluded that while a high proportion of dormant
copepods are retained in the GoM as a whole, transport within the GoM was significant
during the summer and fall, and loss from individual basin regions can be high (Johnson
et al. 2006). Simulation results suggest the Wilkinson Basin region is the most retentive
of the three major basins and receives copepods transported from Jordan and Georges
Basins. As noted earlier, Jordan and Georges Basins are themselves recipients of

copepods from upstream sources in the Northeast Channel, continental slope water, and

Scotian Shelf (Johnson et al. 2006).
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Figure 4 Conceptual model of dormant copepod transport into and out of the deep Gulf of Maine (Source:
Johnson et al. 2006).
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Figure 5 Schematic of Gulf of Maine and Georges Bank circulation system
(Source: Warns-Varnas et al. 2005).
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Johnson et al. (2006) suggest these transport patterns indicate that, in the late fall and
winter (late dormant period), the western deep GoM is stocked primarily with copepods
that entered dormancy in either the western or eastern GoM, while dormant copepods in
the eastern deep GoM are stocked primarily from copepods that entered dormancy in the
eastern GoM or were transported from upstream waters of the western Scotian Shelf and

Slope.

The ability for copepods within the deep basins in the GoM to repopulate the GoM is
dependent on how well they are retained within the basins during this period of
dormancy. Johnson et al. (2006) predicted retention rates to be generally high, greater
than 40%, though transport within the Gulf was high “resulting in shifts of eastern
copepods into western Gulf and upstream copepods, from slope and Scotian Shelf waters,
into the eastern Gulf” (Johnson et al. 2006). The retention of active C. finmarchicus in
the eastern GoM may be higher for copepods that stay below the surface Ekman layer
(Hannah et al. 1998).

Such distinct sources of dormant copepods in different GoM regions may contribute to
observed regional differences in abundance of C. finmarchicus (Johnson et al. 2006). In
late fall and early winter, C. finmarchicus is more abundant in the western GoM than in
the northern and eastern GoM (Fish 1936, Meise and O’Reilly 1996). Dormant copepods
in slope water are found at depths greater than the Northeast Channel sill depth (232 m),
both south of Georges Bank and southeast of the Scotian Shelf (Miller et al. 1991, E.J.H.
Head, unpublished data, cited in Johnson et al. 2006). Transport simulations indicate that
circulation of slope water low in C. finmarchicus concentrations flush the Georges Basin

region above the Northeast Channel sill depth (232 m), while dormant C. finmarchicus
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deep in Georges Basin would be retained (Johnson et al. 2006). Support for this
interpretation is found in the generally deeper mean depths of dormant copepods in
Georges Basin compared to those in Wilkinson and Jordan Basins (Wiebe et al.,
unpublished results, Johnson et al. 2006). Johnson et al. (2006) note that the available
data, while limited, suggest that inflow of deep water from upstream sources, in addition
to transport loss to the western GoM, could contribute to lower abundance of dormant C.

finmarchicus in the eastern GoM in the fall and winter.

The GoM acts as a source of C. finmarchicus for Georges Bank in late winter and spring
(Bigelow 1926, Gentleman 1999, Hannah et al. 1998, Lynch et al. 1998). Simulations of
population dynamics of C. finmarchicus in the GoM indicate that the deep basins of the
GoM (i.e., Wilkinson, Jordan and Georges Basins) are capable of providing copepods to
Georges Bank at the onset of the growing season (Lynch et al. 1998). Lynch et al. (1998)
conclude that Jordan and Wilkinson Basins clearly support resting stocks of C.

finmarchicus and that Georges Basin may also serve this function.

Miller et al. (1998) provide an individual-based population model of C. finmarchicus for
the Georges Bank region demonstrating the importance of Georges Basin, as well as
Wilkinson and Jordan Basins, as sources of C. finmarchicus to Georges Bank. As for
specific zones within the GoM, Miller et al. (1998) point to the MARMAP samples that
support Jordan and Wilkinson Basins as sources, and suggest that Georges Basin may
also be a contributor. The role of Georges Basin has been debated due to the
considerable water movement and relative openness of Georges Basin to the shelf edge
(Lynch et al. 1998, Pace and Merrick 2008). Recent simulation models combining

plankton sampling results of the last two decades and earlier, robust circulation models of
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the GoM, and life history dynamics of C. finmarchicus corroborate earlier conclusions
about the importance of these basins, in addition to the Scotian shelf and its sources, as a
copepod source for the GoM ecosystem. As discussed, models by Lynch et al. (1998)
support all three deep basins (Jordan, Wilkinson and Georges) as contributors of C.

finmarchicus to Georges Bank and the Great South Channel (GSC).

Li et al. (2006) suggest that copepod sources within the GoM are sufficient to account for
the early C. finmarchicus population of Georges Bank, with an increased importance of
advected sources later in the year. The simulation models of Johnson et al. (2006) also
support the prominence of Jordan and Wilkinson Basins in the C. finmarchicus dynamics
in the GoM.

Biological Features Characteristic of Right Whale Foraging Habitat

The biological features of foraging habitat essential to the conservation of the North

Atlantic right whale are:

e Late stage C. finmarchicusin dense aggregations in the Gulf of Maine and
Georges Bank region;
e Diapausing C. finmarchicus in aggregations in Jordan, Wilkinson, and

Georges Basins.
As explained above, late-stage C. finmarchicusin dense aggregations in the Gulf of

Maine and Georges Bank regions are essential for the conservation of the species because

they, in combination with the other identified features, provide for efficient feeding on
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prey with high nutritional value to support right whale life history and reproductive
strategies. Though the means by which right whales locate and exploit these food
resources is not well understood, the presence of foraging right whales is a reasonable
proxy for determining where these critical food densities are located (Kenney et al. 1995,
Baumgartner et al. 2003a). Right whales are filter feeders whose prey consists
exclusively of zooplankton, notably the copepod C. finmarchicus. For much of the year,
the right whale’s distribution is strongly correlated with the distribution of their prey.
Right whales forage by filtering large volumes of seawater through open mouths,
trapping zooplanktonic organisms on the dense filamentous mat fringing the inner surface
of their baleen (Mayo and Marx 1990). Foraging takes place at the surface or at depth
depending on the habitat type and where in the water column the prey source aggregates

(Mayo and Marx 1990, Baumgartner et al. 2003b).

Zooplankton are found throughout the ocean, but frequently at concentrations far too low
to meet right whales’ energetic requirements (Baumgartner et al. 2007). Within the GoM
—Georges Bank region, oceanographic processes and structures aggregate copepods,
particularly C. finmarchicus, at densities suitable to support the energetic demands of
right whales. The late developmental life stages (stages C4-C5) of the copepod, C.
finmarchicus, are generally recognized as the North Atlantic right whale’s primary prey
(Watkins and Schevill 1976, 1979, Kenney et al. 1986, 1995, Wishner et al. 1988, 1995,
Murison and Gaskin 1989, Mayo and Marx 1990, Beardsley et al. 1996, Kenney et al.
2001, Baumgartner 2003b) (Figure 6). While right whales have also been observed
preying on other similarly sized copepods and juvenile euphausiids, the density threshold

for C. finmarchicus to trigger right whale feeding appears to be lower than for other
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calanoid copepods (Kenney et al. 1986, Mayo and Marx 1990, CCS 2004, Singer and
Ludwig 2005).

N5

Copepodite : Naupliar
stages N6 stages
(C1-C6) Cl (N1-N6)

Figure 6 C. finmarchicuslife cycle
(Source: http://pulse.unh.edu/Root%20Pages/Biology.htm).

Available research has documented right whales feeding on varying densities of C.
finmarchicus. Due to energetic conservation, a threshold density of prey likely exists
under which right whales are unlikely to exhibit foraging behavior (Wishner et al.1996).
Several studies have attempted to quantify this threshold density. Murison and Gaskin
(1989) in the Bay of Fundy and Mayo and Marx (1990) in Cape Cod Bay have both
suggested a threshold density of approximately 800-1,000 organisms per m> (Wishner et
al. 1995). Other studies have determined threshold values to range as high as 3,750-
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4,000 organisms/m3 (CCS 2003, 2004, 2005, 2006, 2008, Mayo and Goldman in Hain,
ed. 1992), which are similar to the values calculated by Kenney et al. (1986).

Life History of Calanus finmarchichus

C. finmarchicus is the dominant copepod in the GoM in terms of biomass (Bigelow 1926,
Fish and Johnson 1937, Durbin 1996). In the spring, C. finmarchicus is co-dominant
with the copepod Pseudocalanus spp.” and constitutes the bulk of total zooplankton
biomass on Georges Bank (Davis 1987, Howarth 1987). C. finmarchicus occupies an
important place in the trophic web as the primary prey of many groundfish and larger
pelagic planktivores including the North Atlantic right whale. While this species is most
dominant within 200 m from the ocean surface, it has been reported from near-surface

waters down to 4000 m.

The annual life cycle of the copepod C. finmarchicus includes a relatively complex series
of interconnected life stages. In late winter, diapausing C. finmarchicus emerge from

their dormant state® and molt to the adult stage, migrating to the phytoplankton rich

As noted, researchers have documented right whales foraging on the copepods Pseudocalnus and
Centropages typicus as well as barnacle larvae (Mayo and Marx 1990 in Baumgartner et al. 2007).
These observers noted that right whales quickly ceased foraging on these zooplankton
assemblages indicating that the prey was likely not suitable (Baumgartner et al. 2007).

Emergence from dormancy begins in the winter, though there appear to be spatial differences in
the timing of emergence (Durbin 1996). There are several theories on what triggers copepod
emergence from dormancy including “photic cues” or an internal timer based on reduced
development time (Dstvedts, 1955, Grigg and Bardwell 1982, Hirche 1989, Miller et al. 1991,
Hirche, 1996). Results from Saumweber and Durbin (2006) support the theory that emergence
may be triggered by energetic limitations. Emergence from dormancy increases copepods
exposure to advection by the prevailing currents within the GoM, which distribute the emerging
copepods within the GoM. Lynch et al. (1998) predict that surface layer aggregates move
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surface layer (Marshall and Orr 1955, Davis 1987, Baumgartner et al 2007).” As C.
finmar chicus migrate towards the surface, they are transported to other areas within the
GoM by prevailing circulation patterns (Lynch et al 1998, Johnson et al. 2006) (see
Figure 3). Mating occurs as the copepods migrate to surface waters, where females lay
eggs. Within about 24-72 hours after spawning, nauplii larvae emerge.'® Naupliar
development consists of six consecutive molting stages (N1-N6), resulting in
progressively larger and morphologically more complex larvae. This is followed by a
metamorphosis of N6 to a first copepodite stage (C1), with five subsequent molts
culminating in a (C6) mature animal. Development is synchronized with the diatom

spring bloom, representing the major food source for C. finmarchicus.

In the GoM the relatively prolonged phytoplankton production due to vertical mixing and
stratification processes allows C. finmarchicus to produce more than one generation
(Baumgartner et al. 2007). The first generation to develop after dormancy (G1) enters
dormancy and migrates to deep water of the GoM starting in late spring and early

summer (May and June) (Durbin et al. 2000, Baumgartner et al. 2007). A second

approximately twice the speed as those with no depth preference and were advected onto Georges
Bank more readily via circulation patterns.

Emergence from dormancy begins in the winter, though there appear to be spatial differences in
the timing of emergence (Durbin 1996). There are several theories on what triggers copepod
emergence from dormancy including “photic cues” or an internal timer based on reduced
development time (@stvedts, 1955, Grigg and Bardwell 1982, Hirche 1989, Miller et al. 1991,
Hirche, 1996). Results from Saumweber and Durbin (2006) support the theory that emergence
may be triggered by energetic limitations. Emergence from dormancy increases copepods
exposure to advection by the prevailing currents within the GoM, which distribute the emerging
copepods within the GoM. Lynch et al. (1998) predict that surface layer aggregates move
approximately twice the speed as those with no depth preference and were advected onto Georges
Bank more readily via circulation patterns.

The early naupliar stages (N1-2) do not feed. The later naupliar stages (N3-6), all copepodite
stages (C1-5) and adults feed primarily on phytoplankton (Baumgartner et al. 2007).
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generation (G2) develops during the summer months, and a small fraction of the
population may continue development and enter dormancy in the fall (Johnson et al.
2006) while other G2 stage copepods remain at the surface to spawn a third generation
(G3) (Baumgartner and Mate 2005). It is believed that as each generation of copepodites
reach the C5 stage some migrate to deep water while some remain in surface waters

molting into adults to continue production (Baumgartner et al. 2007).

Beginning in late spring and early summer (May and June), as seasonal water
temperature increases and phytoplankton levels decrease, C. finmarchicus C5 undergo a
vertical migration to deep waters where they enter a state of dormancy (Bigelow 1927,
Davis 1987, Durbin et al.1995). Most of the C. finmarchicus population can be found in
diapause in deep water in the summer and fall (Durbin et al. 2000, Baumgartner et al.
2003). These dormant, diapausing pre-adult C5 copepodites form dense layers near the
bottom of deep basins and continental slope waters. Diapausing C. finmarchicus are
characterized by their stage of development, deep distribution, and large oil sacs on
which they rely for energy and low activity rates (Baumgartner et al. 2003b). This
behavior may be an adaptive measure for surviving periods of low food availability
and/or for reducing predation rates (Davis 1987, Kaartvdet 1996, Dale et al 1999,
Baumgartner et al. 2003b). These diapausing copepods serve as one of the primary
source populations for the copepods that later form the dense aggregations upon which

North Atlantic right whales feed.

Diapausing C. finmarchicus
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Diapausing C. finmarchicus in aggregations in the deep ocean basins within the GoM
(i.e., Jordan, Wilkinson and Georges Basins) are essential to the conservation of the
North Atlantic right whale, because they are the sources of copepods that form the highly
nutritional prey base for right whales when they return to forage in the GoM in the late
winter and early spring. Beginning in late spring and early summer, as seasonal water
temperature increases and phytoplankton levels decrease, C. finmarchicus C5 undergo a
vertical migration to deep waters where they enter a state of dormancy (Bigelow 1927,
Davis 1987, Durbin et al. 1995). These diapausing copepods serve as one of the primary
source populations for annual recruitment of copepods to the waters of the GoM and
Georges Bank region. As discussed, the hydrographic conditions of the deep basins
where aggregations of diapausing copepods are found are conducive to low flow
velocities. These low velocity environments allow the neutrally buoyant, high lipid
content copepods to passively aggregate below the convective mixed layer and be
retained for a period of time (Lynch et al. 1998, Visser and Jonasdottir 1999,
Baumgartner et al. 2003b, Pace and Merrick 2008). Diapausing populations have been
documented in several other northwest Atlantic basins such as the Roseway and Manan

Basins in Canadian waters (Baumgartner and Mate 2005).

Modeling results support the existence of deep resting copepod populations present in
GoM basins, which help to explain C. finmarchicus age distribution and abundance in the
rest of the GoM (Lynch et al. 1998, Johnson et al. 2006). The GoM acts as a source of C.
finmarchicus for Georges Bank in late winter and spring (Bigelow 1926, Gentleman
1999, Hannah et al. 1998, Lynch et al. 1998). Simulations of population dynamics of C.
finmarchicus in the GoM indicate that the deep basins of the GoM (i.e., Wilkinson,
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Jordan and Georges Basins) are capable of providing copepods to Georges Bank at the

onset of the growing season (Lynch et al. 1998).

Lynch et al. (1998) conclude that Jordan and Wilkinson Basins clearly support resting
stocks of C. finmarchicus and that Georges Basin may also serve this function. Johnson
et al. (2006) examined the influence of environmental forcing and copepod behavior on
transport and retention of dormant C. finmarchicus in the deep GoM. Based on model
simulations, these researchers concluded that both transport and retention of C.
finmarchicus within the GoM was high. The results of these model simulations of
copepod transport and retention within the GoM demonstrate transport of copepods from
the eastern GoM into the western Gulf as well as the recruitment of copepods from slope

and Scotian Shelf waters, into the eastern GoM (Johnson et al. 2006).

Research suggests that locally derived copepods, (i.e., offspring of copepods that
emerged from dormancy locally), are capable of restocking Wilkinson Basin (Johnson et
al. 2006). Conversely, self-stocking is thought to be minimal at the two other major GoM
basins, Jordan Basin and Georges Basin (Miller et al., 1998, Johnson et al. 2006). Jordan
and Georges Basins are restocked by external sources of copepods, either C. finmarchicus
entering the GoM in surface Scotian Shelf and Scotian Slope waters or entering the deep
GoM primarily through the 230-m deep Northeast Channel (Johnson et al. 2006). These
copepods subsequently enter dormancy in these deep water basins (Lynch et al., 1998,

Johnson 2006).

Johnson et al. (2006) note that while a high proportion of dormant copepods are retained

in the GoM as a whole, transport within the GoM was significant during the summer and
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fall, and loss from individual basin regions can be high. Simulation results suggest that
the Wilkinson Basin region is the most retentive of the three major basins and also
receives copepods transported from Jordan and Georges Basins. In addition, Jordan and
Georges Basins are themselves recipients of copepods from upstream sources in the

Northeast Channel, slope water, and Scotian Shelf (Johnson et al. 2006).

Johnson et al. (2006) suggest that these transport patterns indicate that in the late part of
the dormant period, late fall and winter, the deep western GoM is stocked primarily with
copepods that entered dormancy in both the western and eastern GoM, while dormant
copepods in the deep eastern GoM are a mixture of individuals that entered dormancy in
the eastern GoM and individuals transported from upstream waters of the western Scotian

Shelf and Slope.

Johnson et al. (2006) suggests that such distinct sources of dormant copepods in different
GoM regions may contribute to observed regional differences in abundance of C.
finmarchicus. C. finmarchicus are more abundant in the western GoM than in the
northern and eastern GoM in late fall and early winter (Fish, 1936, Meise and O’Reilly,
1996). Dormant copepods in slope water are found at depths greater than the Northeast
Channel sill depth (232 m) both south of Georges Bank and southeast of the Scotian
Shelf (Miller et al. 1991, E.J.H. Head, unpublished data, cited in Johnson et al. 2006).
Transport simulations indicate that circulation of slope water low in C. finmarchicus
concentrations flush the Georges Basin region above the Northeast Channel sill depth
(232 m), while dormant C. finmarchicus deep in Georges Basin would be retained
(Johnson et al. 2006). Support for this interpretation is found in the generally deeper

mean depths of dormant copepods in Georges Basin compared to those in Wilkinson and
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Jordan Basins (Wiebe et al., unpublished results, Johnson et al., 2006). Johnson et al.
(2006) note that the available data, while limited, suggest that inflow of deep water from
upstream sources, in addition to transport loss to the western GoM, could contribute to

lower abundance of dormant C. finmarchicus in the eastern GoM in the fall and winter.

5.2 ThePhysical and Biological Features of Calving Habitat that are
Essential to the Conservation of the Species

Like most large whales, North Atlantic right whales tend to calve in warm subtropical
waters during winter, and migrate to feed in the highly productive cold temperate and
subpolar waters in spring and summer (Green and Pershing 2004). The only known
calving habitat for North Atlantic right whales occurs along the southeastern U.S. coast
(Kraus et al. 1986, Knowlton et al. 1994, Reeves et al. 2001). Recent aerial survey data
indicate calving and nursing occur from northeastern Florida and southeastern Georgia as
far north as North Carolina (e.g., Good 2008, McClellan et al. 2004). Primarily
reproductive females, calves, and juveniles are sighted in the calving ground off the coast
of Florida and Georgia (Fujiwara and Caswell 2001, Garrison 2007, Hamilton et al.
2007). Calving right whales, the most valuable segment of this species’ population'',
typically arrive in this region during mid to late November and early December after
migrating south from feeding grounds in the northeastern U.S. and Canada. Mothers and
newborn calves reside within this region through early March, and they generally depart
the calving grounds by the end of March and early April (Reeves et al. 2001). Given that

the area off the southeastern U.S. is the only known calving ground for North Atlantic

Fujiwara and Caswell (2001) concluded that the death of female whales, particularly reproductive
females, appears to pose the greatest demographic risk of extinction. The mortality of mature,
reproductive females results in declines in population growth rate, life expectancy and the mean
lifetime number of reproductive events (Fujiwara and Caswell 2001).
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right whales, and that the most valuable portion of the species’ population is utilizing this
habitat, we conclude that facilitating successful calving by protecting the species’ calving
area is a key conservation objective that could be supported by designation of critical
habitat for the species. Thus, to identify specific areas that may meet the definition of
critical habitat we focused first on specifically defining what constitutes a “calving” area
for North Atlantic right whales — i.e., what functions does this area provide that lead to
successful calving and rearing? We then identified those physical or biological features
that are essential to the conservation of the species because they provide calving area

functions to the species in these areas.

Physical features common to lower latitude calving areas for large whales include:
warmer water temperatures, lower average wind speeds, less frequent storms, and lower
wave heights compared to higher latitudes during winter months (Garrison 2007).
Calving southern right whales (Payne 1986, Patenaude and Baker 2001, Rowntree et al.
2001, Elwen and Best 2004), gray whales (Eschrichtius robustus) (Swartz 1986), and
humpback whales (Megaptera novaeangliae) (Whitehead and Moore 1982, Smultea
1994, Erstes and Rosenbaum 2003) all appear to prefer shallow, calm waters that provide
some degree of protection from open ocean wind and swell. Wintering humpback whales
in the western North Atlantic Ocean appear to prefer shallow water within the

temperature range of 24 to 28°C (Whitehead and Moore 1982, Whitehead 1987).

These common calving habitat characteristics for large whales likely provide an energy
benefit to both lactating mothers and calves. Female baleen whales do not typically feed
during the migration to, or residence period in, the calving area, and therefore endure a

significant energetic cost (Garrison 2007). Mother whales fast during part of or
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throughout lactation, and maternal reserves are heavily exploited for milk production
(Oftedal 1997, 2000). Fasting in warm water during early and peak lactation may be
more energetically efficient than feeding, let alone fasting, in colder water, and may aid
conversion of maternal body fat to high-fat milk, hence contributing to rapid calf growth
(Oftedal 2000, Whitehead and Mann 2000). Calmer, shallower waters allow female right
whales to use less energy for surfacing, and focus energy reserves on calving and nursing.
Additionally, newborns may have increased survival, and/or lower energy expenditure in
warmer, calmer, or less predator-infested waters (Brodie 1975, Lockyer 1987, as cited in
Whitehead and Mann 2000, Corkeron and Connor 1999). Calves have been reported to
have difficulty surfacing to breathe in extremely rough waters (Thomas and Taber 1984).
Further, calves are relatively weak swimmers (Thomas and Taber 1984) and are likely to
be easily separated from their mothers during storm events and in areas with high winds
and waves; separation from the mother for even a short time is likely fatal for newborn

calves (Garrison 2007).

While “there are few or no direct data about thermal tolerances in right whales” (Kenney
2007), warmer water temperatures likely provide a thermoregulatory benefit to calving
right whales. As homoeothermic (warm-blooded) animals, right whales expend
additional energy for thermoregulation when temperatures are either too cold or too hot
compared to some thermal optimum. North Atlantic right whales have a mean blubber
thickness of 12.2 cm (range 8 to 22 cm; 3 to 8.6 inches), and the blubber of new mothers
is thicker than that of females in late lactation or nulliparious females (Angell 2006). The
thick blubber of parturient females may pose a thermal constraint, and it is expected that
new mothers will be more sensitive than females in late lactation or nulliparious females

to warm temperatures (e.g., Atlantic Ocean Gulf Stream water) than colder temperatures
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(Good 2008). Calves are unlikely to face such constraints (Good 2008) because calves
do not have a thick blubber layer; blubber from newborn southern right whale calves in
South Africa averaged 5 cm (2 inches) in thickness (Reeb et al. 2007). Therefore,
newborn calves without the thick blubber layer of adults do not have the same thermal
tolerance as adult whales (Garrison 2007). Because of the differences in the
thermoregulatory needs of mothers (i.e., preferring waters that are not too warm so as to
avoid heat stress) and newborns and calves (i.e., preferring waters that are not too cold so
as to avoid cold stress), it is likely that these pairs of new mothers (i.e. blubber rich) and
newborns or calves (i.e. blubber poor) on a calving ground have relatively narrow

combined thermal tolerances (Garrison 2007).

Calving Areas in the South Atlantic Bight

North Atlantic right whales are observed calving off the southeastern U.S. coast, in an
area known as the South Atlantic Bight (SAB), which generally provides the calving
habitat characteristics described above for other large whales. The SAB extends roughly
from Cape Hatteras, North Carolina, to West Palm Beach, Florida. The SAB continental
shelf varies from 40 to 140 km wide, with a shallow bathymetric slope. The inner shelf
of the SAB, bounded by the 20 m isobath, is characterized mainly by a coastal low-
salinity frontal zone resulting from the interaction between freshwater discharges, tidal
mixing, and wind forcing (Chen 2000). Tidal motion accounts for about 80 to 90 percent
of cross shelf, and about 20 to 40 percent of along shelf, current variation and kinetic
energy in the inner shelf of the SAB (Tebeau and Lee 1979, Lee and Brook 1979,
Pietrafesa et al. 1985, as cited by Chen 2000). Tidal current is strongest in the widest part

of the shelf between Savannah and Charleston and weakest at the northern and southern
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ends (Chen 2000). The wind varies seasonally, blowing northwestward or northeastward

in spring and summer and southeastward or southwestward in winter (Chen 2000).

In the inner shelf, where the water depth is shallow and friction is strong, the current
responds almost instantaneously to local wind stress; as a result, water moves in the same
direction as the wind (Chen 2000). In the middle and outer shelves, where the water is
deep and friction is weak, the wind-driven current flows perpendicular to the wind
direction (i.e., Ekman spiral pattern). Fifteen years of data from two weather stations
(SAUFI and FBIS1) within 100 m (328 feet) of the coast registered average winter wind
speeds between 8.1 and 9.6 knots (NOAA's National Data Buoy Center). Average winter
wind speeds in the region increase when moving farther offshore. Two additional buoy
stations, one (41008) 29 km and another (41009) 35 km offshore registered average
winter wind speeds between 10.1 and 11.2 knots and between 12.4 and 13.1 knots,
respectively (Good 2008). A fifth buoy (41004), 60 km offshore, registered average
winter speeds between 13.2 and 14.7 knots (Good 2008). On the Beaufort scale, wind
speeds between 7 and 10 knots indicate a gentle breeze, which results in large wavelets
where crests begin to break and in scattered whitecaps. Moving farther offshore, average
winter wind speeds in the region begin increasing with a corresponding deterioration in

sea state conditions. Wave size increases and the sea surface becomes more turbulent.

Winter sea surface temperatures across the SAB range from 8°C to 25°C (Good 2008).
Gulf Stream waters typically have temperatures greater than 20°C during winter, and
water closer to shore is cooler ranging between 8 and 17°C in the southeastern U.S.
during winter months (Garrison 2007). Pulses of warm water frequently move shoreward

as the result of Gulf Stream meanders, but a steady tongue of colder water persists
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directly adjacent to shore and out to the continental shelf break in winter (Stegmann and
Yoder 1996, Keller et al. 2006). These waters also are warmer than the waters of the
northern feeding grounds during winter, yet cooler than the waters located farther

offshore the southeastern U.S. and closer to the warm water influence of the Gulf Stream.

Aerial surveys for calving right whales have been conducted in the southeastern U.S.
each winter (December-March) since 1992. Survey effort has varied throughout the area
with the core calving area being surveyed most consistently (Keller et al 2006). Figure 7
illustrates the heterogeneous nature of survey effort for surveys conducted since 2003.
The bias created by this uneven survey effort can be reduced to best assess the
distribution of mother/calf right whales. Reducing the sampling bias can be
accomplished by dividing mother/calf sightings by level of survey effort on a spatial

scale (i.e. effort-corrected sightings or sightings per unit of effort).

Figure 8 shows effort-corrected locations of mother/calf right whale pair observations
during annual calving seasons from 2003/2004 to 2014/2015. Despite the sightings in
Figure 8§ being effort corrected, caution is still needed when interpreting the data as the
level of effort in the central part of the survey zone is over an order of magnitude greater
than in the northern part of the zone and there are relatively low numbers of sightings. In
other words, even one sighting of a mother/calf pair in the northern part of the survey

zone may have a substantial effect on the results of sightings corrected by effort.
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Based on Figure 8, the densest distribution of observed North Atlantic right whale
mother-calf pairs is generally between St. Augustine, Florida, and just south of Savannah,
Georgia, in waters of the inner shelf of the SAB, which correlates with the preferred
calving habitat characteristics observed in other large whale species — e.g., relatively
calm, temperate, and shallow waters. Three recent predictive habitat models based on
sightings data for North Atlantic right whales (Garrison 2007, Good 2008, Keller et al.
2012) confirm these habitat selection preferences and predict areas of suitable calving
habitat within the SAB. The following paragraphs discuss these habitat modeling studies
at length to determine the specific aspects of the features of sea state, water temperature,
and water depth that make these features, and potentially other features, essential to the

conservation of North Atlantic right whales.

Calving Habitat Models

Garrison (2007) and Keller et al. (2012) assessed habitat correlations and spatial patterns
in the distribution of right whale mother-calf pairs using sightings data, satellite derived
sea surface temperature, bathymetry, modeled average wind data, and several other
spatial variables. Right whale mother-calf pair sightings data were derived from annual
aerial surveys (1992-2001) flown from Savannah, Georgia, to Ormond Beach, Florida,
during December 1 through March 31. Advanced Very High Resolution Radiometer
(AVHRR) imagery, which has a spatial resolution of just over 1 km?, for the southeast
U.S. was used to derive sea surface temperature data. Bathymetry data for the
continental shelf were obtained from digital elevation grids available from the National
Geophysical Data Center (NGDC) Coastal Relief Model (~ 60 m) resolution bathymetry
grids for the U.S. continental shelf (http://www.ngdc.noaa.gov/mgg/coastal). Wind
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intensity data for the study area were derived from a regional climate/weather model
covering North America and the adjacent ocean waters developed by the National Center
for Environmental Prediction (NCEP). Output from the NCEP model on predicted winds
(meters/second) at 10 m above ground were used to calculate spatial grids of monthly
average wind speeds for December through March each season (1992/1993 through
2000/2001). The sample size for the analysis consisted of 16 km?” grid cells (4 km x 4
km). The model results indicated that sea surface temperature and water depth were
significant predictors of calving right whale spatial distribution. Wind intensity did not
explain the spatial distribution of calving right whales in this model (Garrison 2007,

Keller et al. 2012).

Using the significant predictor variables of sea surface temperature and water depth, the
model showed that peak predicted right whale mother-calf pair sighting rates (95th
percentile) occur at water temperatures from 13 to 15°C and water depths from 10 to 20
m. The 95th percentile of predicted rates of right whale mother-calf pair sightings
accounts for only 43.5 percent of all observed right whale mother-calf pair sightings.'?
The 75th percentile of predicted sighting rates, however, accounts for 91 percent of all
observed right whale mother-calf pair sightings and occurs at water temperatures from 7
to 17°C and water depths from 6 to 28 m. Predicted sighting rates decline dramatically at

water temperatures greater than 17°C. As calving season progresses from December

Garrison’s (2007) model was unable to capture 100 percent of all observed right whale sightings
because of the following reasons. First, the model was more effective at predicting sightings in
the year with the higher abundance of whales. Second, the model also tended to predict higher
than observed sightings during the 2000/2001 calving season. During the 2000/2001 season, the
spatial patterns in observed sightings were similar to those predicted by the habitat model. Last,
the inability of the model to predict 100 percent of all observed sightings was a typical feature of
habitat models as the available habitat area is typically larger than that occupied by the organisms,
particularly for a relatively low abundance animal like the right whale.
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through February, the model shows the predicted number of right whale sightings
extending farther south, following the seasonal latitudinal progression of favorable water
temperatures and the seasonal change in the distribution of observed right whale
sightings. In the southern portion of the predicted optimal habitat area, the predicted
number of right whale sightings were relatively close to shore, confined by both the
narrow shelf in this area and the incursion of warm water temperatures influenced by the

Gulf stream close to shore (Garrison 2007).

These results are corroborated by Good’s (2008) predictive model of optimal right whale
calving habitat, which assesses topological and physical conditions associated with the
presence of North Atlantic right whale calves in the SAB. The model was used to
evaluate the importance of water depth, sea surface temperature, and sea surface
roughness in relation to the distribution of right whale mother-calf pairs over a period of
six years (2000-2005). Similar to Garrison (2007), Good (2008) utilized right whale
mother-calf pair sightings data derived from aerial surveys conducted between Savannah,
Georgia and Cape Canaveral, Florida during December 1 through March 31. Sea surface
temperature data were obtained from an earlier version (Version 5) of NOAA’s AVHRR
imagery, which has a spatial resolution of 4.6 km. Bathymetric data for the model’s
study area were derived from S2004 one-arc-minute global bathymetry (unpublished
data, W. Smith, as cited by Good 2008). Sea surface roughness data were derived from
enhanced resolution backscatter images from NASA Jet Propulsion Laboratory's
SeaWinds Scatterometer aboard the QuikScat satellite (Long and Hicks 2005).
Normalized radar backscatter (sigma-0) is a measure of wind-driven surface roughness
over the ocean. A 5 km x 5 km sampling unit was utilized for the analyses due to satellite

data resolution constraints. The model showed that sightings of right whale mother-calf
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pairs occurred within a narrow range of physical parameters. Over the course of the
winter season (December through March), Good’s (2008) model showed that the
distribution of female right whales and their calves along the SAB was correlated with
water depth, sea surface temperature, and surface roughness, with the importance of each
variable differing from month to month. Sightings of mothers and calves occurred within
a mean depth range of 13.8 m to 15.5 m where mean sea surface temperature varied from
14.2 to 17.7°C and mean surface roughness varied from -24.8 dB to -23.3 dB. Higher
backscatter values (e.g., -25 dB) reflect a calmer surface, while lower values (e.g. -20 dB)
indicate rougher, choppier conditions (Good 2008). Sea surface roughness had the
strongest correlation with right whale mother-calf pair distribution early in the calving
season (December). In December and January, most mother-calf pairs were located in
waters calmer than the rest of the study area, but the range of preferred values widened as
the calving season progressed (February/March); whales occupied rougher surface
waters, especially in March. Further, the habitat used by non-calving whales differed
from that used by mother-calf pairs with respect to surface roughness and sea surface
temperatures. The highest rates (70 to 76 percent) of right whale mother-calf pair
sightings occurred in areas predicted as habitat in both 3 and 4 months out of the calving
season, which accounts for approximately 86 percent of all observed right whale mother-
calf pair sightings. Good’s (2008) modeling results were similar to those produced by
Garrison (2007) respecting bathymetry and sea surface temperature importance to right
whale mother-calf pair distribution on the calving ground, and the results show that sea
surface roughness was a significant predictor of right whale mother-calf pair distribution

in the SAB.
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Together, the sightings data and predictive modeling results showed that mother-calf
pairs of North Atlantic right whales were observed and are likely to be observed in
relatively calm (> 23.3 dB), shallow waters (< 30 m), within a narrow range of water
temperatures (7 to 17°C) in close proximity to shore (within 60 km of the coast). The
ranges reported in parentheses above represent the 75th percentile of right whale mother-
calf pair sightings predicted by Garrison (2007) and Keller et al. (2012), which also
capture the mean ranges of sea surface temperature, sea surface roughness, and water
depth associated with right whale mother-calf pair sightings reported by Good (2008).
Garrison’s (2007) and Keller et al.’s (2012) 75th percentile of predicted sighting rates for
calving right whales accounts for the greatest portion of all observed calving right whales
(91 percent) and captures the means reported by Good (2008). Additionally, Good’s
(2008) rates of right whale mother-calf pair sightings in predicted habitat included the
most temporally consistent habitat and accounted for 86 percent or more of all observed
right whale mother-calf pair sightings. Therefore, Garrison’s (2007) and Keller et al.’s
(2012) 75th percentile and Good’s (2008) habitat selected in 3 and 4 months are the most
appropriate basis for determining the ranges for the essential features of right whale

calving habitat in the southeastern U.S.

Calving right whales can be observed in waters exhibiting the features described above
within the specified ranges; the value of each feature selected by whales varies depending
on factors such as the weather (e.g., storms, prevailing winds) and age of the calf (e.g.,
neonate versus more mature calf). For example, early in the calving season mother-calf
pair distribution is most strongly correlated with sea surface roughness (Good 2008).
Most mother-calf pairs are located in calm waters at this time, consistent with reports that

calves have difficulty surfacing to breathe in extremely rough waters (Thomas and Taber
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1984), and separation from the mother for even a short time is likely fatal for newborn
calves (Garrison 2007). Therefore, mother-calf pairs are likely to select locations with
the calmest sea surface conditions to facilitate the needs of the neonate, which is a weak
swimmer and needs to remain close to the mother to feed, and the needs of the mother
who is fasting and lactating. If weather conditions are persistently poor (e.g., windy
and/or stormy conditions), then it is likely the mother may search for and locate

conditions more conducive to the needs of a weak-swimming neonate.

Sea surface roughness has the strongest correlation to mother-calf pair distribution early
in the calving season. As sea surface temperatures and water depths are relatively less
important for calf survival than calm water early in the calving season, areas in which
mother-calf pairs are located are more likely to contain sea surface temperatures and
water depths at the extremities of the preferred ranges (e.g., 17°C or upper range of
values for sea surface temperatures, and 10 m or lower range of values for water depths).
Early in the season, these shallow waters have not cooled to the seasonal maximum, yet
still provide the necessary thermal balance for both a fasting, lactating, blubber-rich
mother and a hungry, weak, blubber-poor neonate. As the calving season progresses and
young calves mature and become stronger swimmers, however, calm waters become
relatively less important to calf survival. Mother-calf pairs begin occupying rougher
surface waters and the distribution of mother-calf pairs begins correlating more strongly

with the preferred ranges of sea surface temperatures and water depths.
It is evident from the distribution patterns of mother-calf pairs throughout the calving

season (see Garrison 2007, Keller et al. (2012), and Good 2008) that calving North

Atlantic right whales are moving throughout the SAB to select optimal combinations of
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sea surface roughness, sea surface temperatures, and water depths depending on factors
such as the weather and the age of the calves. Younger, weaker calves are present earlier
in the calving season and Good’s (2008) model shows that this is when sea surface
roughness had the strongest correlation with right whale mother-calf pair distribution.
Therefore, calmer waters are an essential feature for the conservation of the species
because they facilitate right whale calf survival. Additionally, the distribution of mother-
calf right whale pairs correlates with (1) a narrow sea surface temperature range (7°C to
17°C), which provides for the thermal balance needs of both a fasting, lactating, blubber-
rich mother and a hungry, weak, blubber-poor neonate; and with (2) a range of water
depths (6 to 28 m) that provide for protection from open ocean swell, which increases the
likelihood of calf survival. Therefore, waters within these sea surface temperature and
depth ranges are essential features for the conservation of the species because they
facilitate successful calving, which is a key conservation objective for endangered right

whales.

Further illustrated by the modeling results of Garrison (2007), Keller et al. (2012), and
Good (2008) is that the features of sea surface roughness, sea surface temperatures, and
water depth are present in the SAB during calving season over large, contiguous areas.
As such, mother-calf-pairs can move throughout the SAB to select dynamic, optimal
combinations of some or all of these features depending on factors such as the weather
and the age of the calves. The ability of mother-calf pairs to move throughout the SAB to
use these features also contributes to growth and fitness of young calves. At the end of
the calving season, the months-old calves must be strong enough to complete the lengthy
northerly migration back to the feeding grounds. It is believed that the swimming

abilities of young calves are strengthened by mother-calf pairs looping many miles up
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and down the coast in the calving area (S. Kraus, New England Aquarium, pers. comm.
to S. Heberling, NMFS, June 25, 2010). Such transit of mother-calf pairs is evidenced by
one tracking study in which a tagged right whale with a young calf covered as much as
30 NM in one 24-hour period (Slay et al. 2002) and by annual tracking data of mother-
calf pairs (Right Whale Consortium (2010). Therefore, the presence of the features over
large, contiguous areas of the SAB such that mother-calf pairs can move throughout the
SAB to select dynamic, optimal combinations of some or all of these features depending

on factors such as the weather and the age of the calves facilitates calf survival.

Conclusions

These common calving habitat characteristics for large whales likely provide an energy
benefit to both lactating mothers and calves. Female baleen whales do not typically feed
during the migration to, or residence period in, the calving area, and therefore endure a
significant energetic cost (Garrison 2007). Mother whales fast during part of or
throughout lactation, and maternal reserves are heavily exploited for milk production
(Oftedal 1997, 2000). Fasting in warm water during early and peak lactation may be
more energetically efficient than feeding, let alone fasting, in colder water, and may aid
conversion of maternal body fat to high-fat milk, hence contributing to rapid calf growth
(Oftedal 2000, Whitehead and Mann 2000). Calmer, shallower waters allow female right
whales to use less energy for surfacing, and focus energy reserves on calving and nursing.
Additionally, newborns may have increased survival, and/or lower energy expenditure in
warmer, calmer, or less predator-infested waters (Brodie 1975, Lockyer 1987, as cited in
Whitehead and Mann 2000, Corkeron and Connor 1999). Calves have been reported to

have difficulty surfacing to breathe in extremely rough waters (Thomas and Taber 1984).
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Further, calves are relatively weak swimmers (Thomas and Taber 1984) and are likely to
be easily separated from their mothers during storm events and in areas with high winds
and waves; separation from the mother for even a short time is likely fatal for newborn

calves (Garrison 2007).

While “there are few or no direct data about thermal tolerances in right whales” (Kenney
2007), warmer water temperatures likely provide a thermoregulatory benefit to calving
right whales. As homoeothermic (warm-blooded) animals, right whales expend
additional energy for thermoregulation when temperatures are either too cold or too hot
compared to some thermal optimum. North Atlantic right whales have a mean blubber
thickness of 12.2 cm (range 8 to 22 cm) (3 to 8.6 inches), and the blubber of new mothers
is thicker than that of females in late lactation or nulliparious females (Angell 2006). The
thick blubber of parturient females may pose a thermal constraint, and it is expected that
new mothers will be more sensitive than females in late lactation or nulliparious females
to warm temperatures (e.g., Atlantic Ocean Gulf Stream water) than colder temperatures
(Good 2008). Calves are unlikely to face such constraints (Good 2008) because calves
do not have a thick blubber layer; blubber from newborn southern right whale calves in
South Africa averaged 5 cm (2 inches) in thickness (Reeb et al. 2007). Therefore,
newborn calves without the thick blubber layer of adults do not have the same thermal
tolerance as adult whales (Garrison 2007). Because of the differences in the
thermoregulatory needs of mothers (i.e., preferring waters that are not too warm so as to
avoid heat stress) and newborns and calves (i.e., preferring waters that are not too cold so
as to avoid cold stress), it is likely that these pairs have relatively narrow combined

thermal tolerances (Garrison 2007).
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Based on the natural history of the species, its habitat needs, and the key conservation
objective of facilitating successful calving, the identified physical and biological features
are essential to the conservation of the North Atlantic right whale because they provide
calving area functions. The essential physical features for North Atlantic right whales on

their calving grounds are:

e (Calm sea surface conditions of Force 4 or less on the Beaufort Wind
Scale,

e Sea surface temperatures from a minimum of 7°C, and never more than
17°C, and

e Water depths of 6 to 28 meters.

These features are present over contiguous areas of at least 231 nmi” of ocean
waters between November and April each year. The features are available to and
selected by right whale mothers and calves in dynamic combinations that are suitable for
calving, nursing, and rearing, and which vary depending on factors such as weather and

age of the calves.

5.3 Migration

In the western North Atlantic, right whales migrate along the North American coast from
Nova Scotia to Florida (Perry et al. 1999), ranging from wintering and calving grounds in
coastal waters of the southeastern United States to summer feeding grounds in New
England waters and northward to the Bay of Fundy and the Scotian Shelf (Waring et al

2013). Peak migration periods are in winter (November/December) and spring
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(March/April) when right whales move south and north, respectively, between calving
and feeding areas. Large-scale migratory movements between feeding habitat in the
northeast and calving habitat in the southeast are a necessary component in the life-
history of the North Atlantic right whale. A proportion of the population potentially
makes this round trip migration annually, and the most valuable life-history stage

(calving females) must make this migration for successful reproduction.

The subset of the North Atlantic right whale population that has been observed migrating
between the northern feeding grounds and southern calving grounds is comprised
disproportionately of reproductively mature females, pregnant females, juveniles, and
young calves (Fujiwara and Caswell 2001; Kraus et al. 1986, as cited by Firestone et al.
2008). Pregnant female North Atlantic right whales, and right whale mothers and calves
represent an important component of this species’ population and their protection and
survival is required for the recovery of North Atlantic right whales. The space used by
right whales along their migration remains almost entirely unknown (Schick et al. 2009).
During migratory periods it can be more difficult to locate and sample marine mammals
systematically' or to observe them opportunistically to the extent that they surface less
frequently and cover large distances in any given day during migration (Hiby and
Hammond 1989; Morreale et al. 1996; Mate et al. 1997; Knowlton et al. 2002, as cited by
Firestone et al. 2008).

In the absence of direct evidence and observation of physical or biological features that

are essential to migration, and therefore essential to the conservation of the species, we

" For example, recent marine mammal abundance surveys conducted by the Riverhead Foundation for
Research and Preservation (RFMRP) in the New York Bight and Mid-Atlantic region between November
2004 and December 2005 included over 150 hours of aerial surveys in these two areas, documenting 1,536
marine mammals. Of the marine mammals sighted, 99 percent were cetaceans. Only one was a North
Atlantic right whale observed swimming south of Block Island in March 2005.
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considered whether observations of migrating whales could be used to identify where
migration occurs. To aid in determining potential habitat characteristics that may be
important for migrating North Atlantic right whales, we looked at several analyses of

North Atlantic right whale sightings and telemetry data:

e Sighting data used to develop/to support the rule to implement speed restrictions
to reduce the threat of ship collisions with North Atlantic right whales hereinafter
the ship strike rule (73 FR 60173).

e Sighting data from Knowlton et al. (2002) and Firestone et al. (2008), and

e Telemetry data from Schick et al. (2009).

To develop the ship strike rule (73 FR 60173, October 10, 2008), NMFS analyzed right
whale sightings data from 1972 through 2000 from the South Carolina/Georgia border to
Connecticut (n = 290). This analysis indicated that approximately 83 percent of all
observed right whale sightings occurred within 20 nm (37 km) of the coast, and
approximately 90 percent of all right whale sightings occurred within 30 nm (55.6 km) of
the coast (73 FR 60173). Sightings of right whales have occurred up to 100 nm offshore
in the mid-Atlantic region; however, sightings declined as one moved offshore. For the
purposes of the ship strike rule analysis, the nearshore area was of greatest interest for

determining risk in the vicinity of ports.
In addition to the ship strike analysis, there are three primary papers available to attempt

to identify physical or biological features that define migratory habitat of North Atlantic
Right Whales off the U.S. east coast: Knowlton et al. (2002), Firestone et al. (2008) and
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Schick et al. (2009). Knowlton et al. (2002) and Firestone et al. (2008) deal primarily
with sightings data. Schick et al. (2009) analyzes/relies upon/uses telemetry data.

Knowlton et al. (2002) and Firestone et al. (2008) used relatively simple analyses that do
not account for spatial autocorrelation in the sighting data. Given this, caution should be
exercised in relying on these analyses (see, for example, Segurado et al (2006), Dormann
et al. (2007) or Bivand et al. (2008)). Knowlton et al. (2002) also included a small
telemetry data set in the migration analysis. Schick et al. (2009) used sophisticated
models for the telemetry data that were analyzed. For this reason, where Schick et al.
(2009) comes to different conclusions from Knowlton et al. (2002) and Firestone et al.
(2008), especially with regard to the likely width of the area utilized by migrating North
Atlantic right whales, greater emphasis should be placed on the results from Schick et al.
(2009)(NEFSC 2009). The most reliable data and analysis for migrating North Atlantic
right whales currently available comes from two females, one of which was accompanied
by a calf of the year (NEFSC 2009). Extrapolating these results from one female, one
mother-calf pair, and no males to the entire population or a subset of the population was

not scientifically supportable.

Knowlton et al. (2002) combined the survey and sightings effort data from a variety of
systemic and non-systemic surveys on a month-by-month basis for the years 1974-2002
and analyzed sightings frequencies in terms of distance from shore and water depth. The
combined dataset included 489 right whale sightings over a 28-year period. The authors
defined the mid-Atlantic region to extend from 31°15° N (central Georgia) northward to
69°45° W (western edge of the Great South Channel). The majority of sightings were

documented in the southern extent of the range between St. Simons Island, Georgia, and
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Georgetown, South Carolina, where survey effort has been more extensive. In terms of
distance from shore, Knowlton et al. (2002) reported that 94.1 percent of the sightings
were within 30 nm of the coast, and 63.8 percent were within 10 nm of the coast. Of the
satellite tag sightings (n = 52), over half were within 20 nm of the coast (Schick et al.
2009). It should be noted that most of the sighting effort through 2002 in the mid-
Atlantic region was concentrated within approximately 30 nm of the coast; therefore,
sighting data were positively biased towards shore. In terms of water depth, Knowlton et
al. (2002) found that a majority of the sightings were within 5 to 10 fathoms of water,
with the second highest number of sightings in 0 to 5 fathoms of water. The analysis
indicated that 93 percent of sightings are in water depths of 25 fathoms or less, and 80.5
percent are in water depths of 15 fathoms or less. As noted above, in so far as the
sightings were positively biased towards shore, it would also be expected that the water

depth analysis would be positively biased towards shallow water.

Recognizing the gap in temporal data on migration behavior of North Atlantic right
whales, Firestone et al. (2008) employed regression analysis to model northerly
movements of right whales in the coastal mid-Atlantic. The goal of this analysis was to
predict the spatial and temporal windows during which right whales are most likely to
migrate through the mid-Atlantic region. Firestone et al. (2008) analyzed opportunistic
data for the mid-Atlantic from 1762 to 2004. Similar to the discussion above, Firestone
et al. (2008) also noted that because most of the sightings in the mid-Atlantic were
obtained opportunistically rather than as a result of survey effort, the observations were
likely biased toward near shore and shallow water where opportunistic effort is likely
higher. Looking at 10-day windows, Firestone et al. (2008) determined that March 2-11

represented the modal period of departure for right whales leaving Jacksonville, Florida,
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for the northerly migration. Firestone et al. (2008) concluded that right whales generally
did not depart the southern calving grounds before the end of February, and that almost

all right whales departed the calving grounds by the end of March. Once departed, right
whales had an average travel time of 21-24 days from Jacksonville, Florida, to the tip of

Long Island, New York, with a mean migration/displacement rate of 1.5-1.7 knots.

The analyses conducted by Knowlton et al. (2002) and Firestone et al. (2008) both
utilized opportunistic sightings data. The available information identifies some areas
used for migration but is not a comprehensive description. These data verify only that
North Atlantic right whales were observed migrating in the area surveyed. Because we
acknowledge that the survey data is biased near shore, we must ask whether there is any

information to indicate whether areas not surveyed are used for migration.

Data from two tagged female right whales provided a less biased view of where North
Atlantic right whales migrate. Schick et al. (2009) created a movement model for a
migratory path and to estimate habitat suitability along the Mid-Atlantic coast for these
whales: a reproductively active female, at least 20 years old, tagged in 1996 when she
was accompanied by her calf, and a reproductively active female tagged in 2000. The
analysis indicated a range of peak habitat suitability for migration as a function of
distance from shore. For one animal, peak habitat suitability occurred in the range of 17
to 108 nm from shore (a mother calf-pair), and for the other, peak suitability occurred in
the range of 8 to 40 nm from shore. Schick et al. (2009) concluded that habitat suitability
for migrating right whales extended farther offshore than previously thought (i.e., the 30
nm estimate provided by Knowlton et al. (2002)). In comparison to the analyses based

on opportunistic and systematic sighting data (Knowlton et al. 2002, Firestone et al.
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2008), the analysis of Schick et al. (2009) showed that migrating North Atlantic right
whales were not necessarily concentrated in a 30 nm from shore band but were using a

much more variable and wider range of pathways between the north and the south.

The available data showed that a portion of the North Atlantic right whale population was
found in waters off the Mid-Atlantic coast during the migration period. As discussed, the
data were limited in scope, and do not provide a complete description of migratory
habitat (i.e., survey data were biased near shore, and not all right whales migrated within
30 nm of shore). Since the vast majority of the survey effort was focused close to shore,
the fact that the majority of migrating whales were observed close to shore does not
necessarily indicate that distance from shore and shallow habitat contain or comprise
essential features for migration. The one study that did not have a survey bias was based
on two tagged whales and the movements of those whales were much broader and

variable.

We do not have sufficient information to identify the physical or biological features of
migratory habitat. As explained above, we explored the possibility of using sightings of
migrating North Atlantic right whales to identify the specific areas used for migration.
However, given the limitations in how the data were collected, we cannot be confident
that the areas where we have observed migrating right whales are the specific areas where
they do migrate. There could be many other unobserved areas that are also used by
migrating right whales but which have very different physical and biological
characteristics. Therefore, NMFS concludes that it is not possible to identify any specific

physical or biological features associated with right whale migratory habitat at this time.
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5.4. Breeding

Large groups of physically interacting right whales are called Surface Active Groups
(SAGs). While indicative of courtship and reproductive behavior, not all SAGs are
reproductive in nature. Therefore, SAGs likely serve multiple functions, including
possibly mate selection, socialization, play, and mating practice (Kraus et al. 2007).
SA